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Objective. To elucidate factors linked to the development of
malignant mixed mullerian tumors (MMMT) and determine
whether the risk factor profile for these tumors corresponds with
that for the more common endometrial carcinomas.

Methods. A multicenter case–control study of 424 women diag-
nosed with endometrial carcinoma, 29 women diagnosed with
MMMT, and 320 community controls was conducted. Review of
pathological reports and slides was performed to classify cases by
histological type. All participants were asked to respond to a
questionnaire which ascertained information on exposure to fac-
tors postulated to be linked to the development of uterine tumors.

Results. Women with endometrial carcinomas and MMMTs
were similar with respect to age and educational attainment.
Women diagnosed with MMMTs were more likely than those
diagnosed with carcinomas to be of African–American descent
(28% vs 4%; P 5 0.001). Weight, exogenous estrogen use, and
nulliparity were related to risk of both tumor types. Marked
obesity was associated with a 4.8-fold (95% CI 5 3.0,7.6) increase
in risk of carcinoma and a 3.2-fold (95% CI 5 1.1,9.1) increase in
risk of MMMT development. Use of exogenous estrogens increased
the odds of developing carcinomas by 2-fold (95% CI 5 1.3,3.2)
and that of developing MMMTs by 1.8-fold (95% CI 5 0.57,5.5).
Nulliparity was associated with a 2.9-fold (95% CI 5 1.9,4.8)
increase in risk of carcinomas and a 1.7-fold (95% CI 5 0.53,5.6)
increase in risk of MMMTs. Oral contraceptive use protected
against the development of both carcinomas (OR 5 0.39; 95%
CI 5 0.26,0.58) and MMMTs (OR 5 0.76; 95% CI 5 0.25,2.3).
Current smokers were at a reduced risk of developing endometrial
carcinomas (OR 5 0.34; 95% CI 5 0.21,0.55) and MMMTs (OR 5
0.57; 95% CI 5 0.15,2.3), while former smokers were at an in-

creased risk of MMMT (OR 5 2.7; 95% CI 5 1.1,6.8) but not
carcinoma development (OR 5 0.81; 95% CI 5 0.56,1.2).

Conclusion. Results from this study suggest that MMMTs and
carcinomas have a similar risk factor profile. This observation is
compatible with the hypothesis that the pathogenesis of these two
histological types of uterine tumors is similar. © 1998 Academic Press

INTRODUCTION

Malignant tumors of the uterine corpus are broadly divisible
into three main types: carcinomas, sarcomas, and carcinosar-
comas or malignant mixed mullerian tumors (MMMTs). Be-
cause endometrial carcinomas are vastly more common than
other uterine tumors, the epidemiology of these neoplasms has
been studied more extensively [1–6]. Although sarcomas and
MMMTs are rare, delineating the etiology of these neoplasms
is of interest because they have the tendency to behave more
aggressively than carcinomas and contribute to a dispropor-
tionate number of uterine cancer deaths.

Endometrial carcinogenesis is strongly associated with risk
factors believed to be linked to excess estrogen exposure such
as obesity and long-term estrogen use [1–6]. The association
between these exposures and the development of MMMTs has
not been extensively studied. Results from the single epidemi-
ological study which has examined MMMTs as a separate
entity from other uterine sarcomas suggested a role of estrogen
use in the pathogenesis of MMMTs, similar to that observed
for endometrial carcinomas [7, 8]. Understanding the patho-
genesis of MMMTs is especially important because the clas-
sification of these tumors has been in flux. Historically,
MMMTs were grouped with sarcomas [9, 10], but accumulat-
ing clinical and pathological evidence suggests that these
tumors represent carcinomas that have undergone clonal evo-
lution, resulting in the acquisition of sarcomatous features
[11–17].
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The prognosis of MMMTs, in which the epithelial component
generally resembles an aggressive subtype of endometrial carci-
noma, tends to be poor irrespective of the appearance of the
sarcomatous elements [16]. Histologically, early metastases of
MMMTs are usually composed exclusively of carcinomatous
elements [11, 16]. Well-documented metastases displaying sarco-
matous differentiation have been identified most frequently at
autopsy or in patients with widely disseminated metastatic disease
[18, 19]. Ultrastructural studies of MMMTs have demonstrated
that these tumors may contain hybrid cells with both epithelial and
mesenchymal characteristics [12]. Similarly, the sarcomatous el-
ements often express epithelial markers such as keratin when
examined immunohistochemically [11, 17]. In addition, both the
carcinomatous and sarcomatous elements usually show similar
expression of immunohistochemical markers, including p53 pro-
tein [20, 21]. Cytogenetic and immunohistochemical studies per-
formed on cell cultures also suggest that MMMTs represent
monoclonal rather than biclonal tumors [13–15]. In short, clinical,
pathologic, and biologic investigations suggest that MMMTs are
monoclonal tumors which are biologically related to carcinomas,
but epidemiologic data to support this viewpoint are sparse.

To examine the association between putative endometrial can-
cer risk factors and MMMTs, we analyzed the results from a
case–control study which included diverse types of malignant
endometrial tumors. We hypothesized that the risk factor profile
for endometrial carcinomas and MMMTs would be similar.

METHODS

Selection of Cases and Controls

Cases were selected from a multi-institutional, case–control
study of 498 incident endometrial cancers sponsored by the
National Cancer Institute. This study is described in detail
elsewhere [1]. Subjects between 20 and 74 years of age resid-
ing in the catchment areas served by the five participating
institutions were eligible. Patients were recruited prior to treat-
ment over a 36-month interval.

A total of 481 population-based controls individually
matched to cases on age (5-year groups), race, and residential
area were identified. For women younger than 65 years of age,
random digit dialing techniques were used to select controls.
Health Care Financing Administration files were used to
choose controls for cases 65 years of age or older.

Pathology

Pathology reports were available for 481 (96.6%) of the 498
cases. Diagnostic classification was based largely on review of
pathology reports. In the few instances (,10% of cases) where
report review was inconclusive or conflicting, microscopic reex-
amination of the histologic slides was performed by the study
pathologist (MES). The final classification of the tumors was
carcinoma in 424 cases and MMMT in 29; 26 cases classified as
pure sarcomas of various subtypes, 2 cases with uncertain histol-
ogy, and 17 cases with no pathology reports or slides available for

review were considered ineligible for the present study and were
excluded from the analysis.

Ascertainment of Risk Factor Data

Home interviews were performed on 404 (89.2%) of eligible
cases and 320 (66.5%) of eligible controls by trained inter-
viewers. The interviews obtained information on a variety of
factors possibly related to endometrial cancer risk, including
menstrual and obstetric history, use of exogenous estrogens
and oral contraceptives, and smoking history.

Analysis

Differences between means were compared using Student’s
t test [22]. Contingency table analyses were performed to
compare study groups with respect to the distribution of estab-
lished risk factors and thex2 test was used to determine
significance of findings [22]. Logistic regression analysis was
used to estimate odds ratios (OR) associated with particular
exposures [23]. Significance testing was performed by exam-
ining 95% confidence intervals of estimates. To assure that
only women with the potential for the exposure of interest were
investigated, analysis of estrogen use was limited to women
over 40 years of age, and oral contraceptive use was examined
only in women under 70 years of age.

RESULTS

Patient Characteristics

MMMTs tended to be diagnosed at more advanced stages than
carcinomas, with 27% of MMMTs, but only 9% of carcinomas
being stages III/IV at diagnosis (P 5 0.004). Fifty-nine percent of
cases with MMMTs were diagnosed with stage I disease com-
pared to 77% of women with carcinomas. Demographic charac-
teristics of the women in this study are presented in Table 1
according to histologic tumor type. Women with carcinomas and
MMMTs were similar in age (median age5 62.8 years for
MMMTs and 61 years for carcinomas;P 5 0.15). A dispropor-
tionate number of women with a diagnosis of MMMT were of
African–American descent (28% compared to 4% of women
diagnosed with carcinomas;P 5 0.001) . Educational levels were
similar in the two groups (P 5 0.70).

Cancer Risk Factors

Risk factors for endometrial cancer in this population have been
previously reported [1, 24–26]. As shown in Table 2, these data
confirm that marked obesity, exogenous estrogen use and nulli-
parity are associated with increased risk of endometrial carcino-
mas. Smoking and oral contraceptive use were associated with
decreased risk. Apart from smoking, the directionality of the
associations between the exposures studied and tumor develop-
ment were the same for MMMTs as for carcinomas.

Marked obesity was associated with an age- and race-adjusted
4.8-fold (95% CI5 3.0, 7.6) and 3.2-fold (95% CI5 1.1, 9.1)

254 ZELMANOWICZ ET AL.



increase in risk of developing carcinomas and MMMTs, respec-
tively. Women exposed to exogenous estrogen were at excess risk
for both histological types of tumors. The age and race adjusted
OR estimates for carcinomas and MMMTs were 2.0 (95% CI5
1.3, 3.2) and 1.8 (95% CI5 0.57, 5.5), respectively. Long-term
use (defined as.10 years of use) was associated with age and
race adjusted ORs of 6.5 for carcinomas (95% CI5 2.5, 17) and
6.6 for MMMTs (95% CI 5 1.1, 38). Nulliparity conferred a
2.9-fold increase in risk of developing carcinomas (95% CI5 1.9,
4.8) and a nonsignificant 1.7-fold increase in risk of developing
MMMTs (95% CI 5 0.53, 5.6).

Oral contraceptive use was associated with a decreased risk for
both types of tumors. The protective effect appeared stronger for
carcinomas (age and race adjusted OR5 0.39; 95% CI5 0.26,
0.58) than for MMMTs (age and race adjusted OR5 0.76; 95%
CI 5 0.25, 2.3). No evidence of increasing protection with in-
creasing years of oral contraceptive use was observed for either
tumor type, when short-term (defined as,5 years) and long-term
(defined as 51 years) users were examined (data not shown).
Compared with women who had never smoked, current users
were at a reduced risk for both tumor types. The age- and race-
adjusted OR estimates for carcinomas and MMMTs were 0.34
(95% CI 5 0.21, 0.55) and 0.57 (95% CI5 0.15, 2.3), respec-
tively. Former users were at increased risk of MMMTs (age and
race adjusted OR5 2.7; 95% CI5 1.1, 6.8).

TABLE 1
Demographic Features of Women with Endometrial

Carcinoma and MMMTs

Carcinomas
(n 5 424)

Mixed mullerian tumors
(n 5 29)

Age at diagnosis
Range, in years 25–74 31–74
Median age 61 years 62.8 years
Mean age 59.1 years 61.3 years

P 5 0.15a

% Caucasian 82% 62%
% Black 4% 28%
% Other 14% 10%

P 5 0.001c

Educationb

% , College 68% 72%
% College 32% 28%

P 5 0.70c

a P value comparing mean age of the two case groups, using thet test.
b Four mixed mullerian tumor cases and 52 carcinomas with unknown

educational level excluded.
c P value comparing distribution of the two case groups using the Pearson

x2 test.

TABLE 2
Distribution and Risk Associated with Selected Risk Factors among Uterine Cancer Cases by Histological Type

Factor
Controls,n
(n 5 320)

Carcinomas
(n 5 378)

Mixed mullerian tumors
(n 5 26)

n % ORa (95% CI) n % ORa (95% CI)

Weightb

,200 lbs 290 262 70 1.0 19 73% 1.0
$200 lbs 29 111 30 4.8 (3.0,7.6) 7 27% 3.2 (1.1,9.1)

Exogenous estrogen usec

Never 268 281 79 1.0 19 79% 1.0
Ever 33 74 21 2.0 (1.3,3.2) 5 21% 1.8 (0.57,5.5)

Parity
Parous 291 293 78 1.0 22 85% 1.0
Nulliparous 29 85 22 2.9 (1.9,4.8) 4 15% 1.7 (0.53,5.6)

Oral contraceptive used

Never 167 251 78 1.0 17 71% 1.0
Ever 114 72 22 0.39 (0.26,0.58) 7 29% 0.76 (0.25,2.3)

Cigarette smokinge

Never 182 257 69 1.0 12 46% 1.0
Former 75 85 22 0.81 (0.56,1.2) 11 42% 2.7 (1.1,6.8)
Current 63 30 8 0.34 (0.21,0.55) 3 12% 0.57 (0.15,2.3)

a Adjusted for age and race.
b Six women with unknown weight excluded.
c Restricted to women 40 years of age or older. Ten women with unknown estrogen status excluded.
d Restricted to women under the age of 70.
e Six women with unknown smoking status excluded.
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DISCUSSION

This study demonstrates that the risk factors for MMMTs
and endometrial carcinomas are generally similar. Our data
suggest that marked obesity, exogenous estrogen use, and
nulliparity appear to increase risk for the development of both
types of neoplasms. These findings are similar to previously
reported data indicating that obesity and long-term or recent
exogenous estrogen use are linked to an increased risk of
developing MMMT [7]. Although nulliparity was associated
with a modest increase in risk for the development of MMMTs
in our study, the risk appeared to be less than that observed for
carcinomas. In a previous study, parity was unrelated to risk of
MMMTs [8].

Oral contraceptive use and cigarette smoking were associ-
ated with a decreased risk of developing endometrial carci-
noma in the current report and previous studies [24, 25, 27].
Our results suggest that oral contraceptive use and cigarette
smoking were also associated with a decreased risk for devel-
oping an MMMT; however, the effects appeared weaker. Par-
adoxically, while current smokers were at a reduced risk for
MMMTs (OR 5 0.57), former smokers were at a significantly
increased risk for MMMTs (OR5 2.7). The implications of
this observation are unclear and could reflect a chance finding.
Although the apparent protective effect of smoking in endo-
metrial carcinoma has been attributed to increased catabolism
or binding of estrogens, this effect has never been proven [28].
The possibility that the relationship between smoking and
endometrial cancer risk is unrelated to estrogen metabolism is
plausible because smoking has myriad pathophysiologic ef-
fects, including modulation of p450 enzymes which has many
biochemical consequences.

Endometrial carcinomas and MMMTs also differed in an-
other respect: 28% of women with MMMTs were African–
American compared with 4% of patients with carcinomas [29].
Whether this result reflects differences in environmental expo-
sures, genetic factors, biased selection of cases, chance, or
perhaps multiple factors is unknown.

Recent developments in our understanding of the etiology of
histological subtypes of endometrial carcinomas may have
important implications for our understanding of the etiology of
MMMTs as well. These studies suggest that risk factors for
endometrial carcinoma differ by histologic subtype [30]. Rec-
ognized endometrial cancer risk factors reflecting excess es-
trogen exposure, such as obesity and menopausal estrogen use,
are strongly linked to the development of endometrioid carci-
nomas, but the development of other tumor types, such as
serous carcinoma, may be weakly related or unrelated to these
factors. Although serous carcinomas account for less than 10%
of endometrial carcinomas, MMMTs in which the epithelial
component displays serous differentiation may be slightly
overrepresented. In fact, of the 29 MMMTs in the current
study, 5 (17%) were found to display serous differentiation.
Given that MMMTs may develop from preexisting carcino-

mas, a larger study in which the epidemiology of MMMTs are
stratified based on the appearance of the carcinomatous ele-
ments would be of interest.

The conclusions of this study are limited by the small
number of MMMTs available for evaluation. Despite this
limitation, the present study provides a risk factor analysis
using data collected from cases and internal controls diagnosed
in diverse regions of the United States, with expert pathology
review. In addition, the present study recruited incident cases
prior to treatment, thus avoiding potential biases which might
be encountered in studies in which a significant number of
cases are deceased.

In conclusion, this study demonstrates that risk factors for
MMMTs and carcinomas are generally similar. This finding is
compatible with the hypothesis that the pathogenesis of
MMMTs and carcinomas is similar, and that MMMTs repre-
sent carcinomas which have secondarily developed sarcoma-
tous differentiation. Confirmation of these findings in larger
studies is needed.
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